Understanding animal performance at range edges has gained increasing interest due to climate change, but most efforts have focused on specialist species. Studying the breadth and plasticity of generalist resource acquisition strategies will provide important insight into how mammals adapt to and persist under a variety of environmental conditions. The North American porcupine (Erethizon dorsatum) is a widely distributed generalist herbivore with special adaptations to harsh climates and low-quality diets. However, on the north coast of California, which has a mild climate and abundant vegetation, porcupine populations are patchily distributed and may be in decline. We studied seasonal resource use of porcupines in a coastal dune ecosystem by measuring changes in body mass, home range size, habitat selection, and diet. Both female and male porcupines lost body mass between summer and winter (X = 8.3% and 17.2%, respectively), although less than reported elsewhere. Their home range sizes were 31% larger during summer than winter. Porcupines selected swales and marshes during the summer, when they fed primarily on willow leaves, and switched to conifer forests and coastal scrub during winter, when they fed on bark, conifer needles, and leaves of evergreen shrubs. Porcupines exploited 2 novel food sources common in Pacific coastal lowlands: coast manroot fruits and California wax myrtle leaves. We suggest that porcupines employ a similarly flexible resource acquisition strategy across their range, and although it appears to be broadly effective, they may face challenges from plant phenology, low broad-leaved tree diversity, and high winter precipitation in Pacific coastal climates.
Understanding resource use by individuals and populations is a fundamental component of mammalian ecology and is critical for the conservation and management of understudied or locally rare species. Many studies of resource use have focused on the narrow restrictions faced by specialist species, because the factors limiting their survival and reproduction are often more straightforward than those for generalists (Boyce et al. 2002) . However, understanding how generalists cope with a wide range of resources and environmental conditions may provide important insights into the adaptive potential and flexibility of life-history strategies among mammals, which has taken on a new importance in the context of global climate change (Reale et al. 2003; Valladares et al. 2014) . It is commonly believed that generalist species will fare better than specialists under future climate change and human development by expanding or shifting their ranges to track favorable conditions and may experience overall lower threats of extinction (Warren et al. 2001; Tingley et al. 2013) . In fact, researchers have noted an increase in the prevalence of generalist species over specialist species in communities of various taxa, corresponding with global change (Fisher et al. 2003; Clavel et al. 2011; Davey et al. 2012 ). More research is needed into the respective roles of niche breadth and behavioral plasticity in the adaptive advantage of generalists. In other words, do all individuals of a generalist species employ a common but broadly effective resource acquisition strategy across their range, or are they able to switch strategies to track local conditions? Addressing this question may improve our ability to predict climate change responses at the species level or for vulnerable populations.
For mammalian herbivores in seasonal climates, the timing of local food availability, defined broadly to encompass abundance, palatability, and nutritional quality, has consequences for critical life-history events such as reproduction, juvenile survival, and seasonal body mass gain (Post and Forchhammer 2008) .
Mammals unable to track changes in plant phenology or composition may face trophic or phenological mismatch (Post and Forchhammer 2008; Post et al. 2008) . Therefore, the breadth of a species' resource acquisition strategy may directly influence its risk of extinction. Because generalist strategies may be adaptively advantageous, and consuming a narrow diet of plants is physiologically challenging, dietary specialization is rare among vertebrate herbivores (Freeland and Janzen 1974; Crawley 1983 ). Shipley et al. (2009) proposed a new framework for defining dietary specialization based on the breadth of mammals' dietary niches and the "difficulty" (i.e., palatability and nutritional content) of the food items they consume. Specialization should also be described at specific temporal and spatial scales-some animals appear to adopt narrow diets or consume difficult foods in certain seasons or geographic areas but not in others (Shipley et al. 2009 ). For many species, data on realized diets are rarely available at multiple spatial and temporal scales, limiting understanding of their true dietary niche; the same is true for the study of habitat selection (Johnson 1980; Wiens and Rotenberry 1981; Morrison 2001; O'Connor 2002) . For wide-ranging generalists, comparative resource selection studies across their range may reveal more complex responses to environmental gradients (Morrison 2001; Van Horne 2002) .
The North American porcupine (Erethizon dorsatum) is one of the most widely distributed mammals in North America, ranging from Alaska to northern Mexico and from California to Maine (Roze 2009) . Their broad distribution is made possible by physiological and behavioral adaptations to harsh climates and low-quality diets, in particular, their ability to subsist on bark, needles, and other plant materials indigestible for many herbivores because of their high fiber content and concentrations of plant secondary metabolites (Coltrane and Barboza 2010) . Because of these adaptations, North American porcupines may be more accurately referred to as facultative specialists than as feeding generalists (Coltrane 2012) ; that is, they can utilize difficult foods at certain times and places but switch to consuming a general diet when available. In contrast, obligatory specialists' ability to process specific difficult foods precludes them from exploiting a wider dietary breadth (Shipley et al. 2009 ). This flexibility allows porcupines to take advantage of seasonal plant availability, building up fat stores in summer to survive harsh winters, when they can lose up to 40% of their body mass (Sweitzer and Berger 1993; Berteaux et al. 2005; Roze 2009; Coltrane and Barboza 2010) . Because porcupines remain active during physiologically demanding conditions while consuming a low-quality diet, winter has been described as a nutritional bottleneck, when body condition declines and mortality risk is high (Coltrane and Barboza 2010) . The influence of seasonal physiological demands and dietary specialization on local resource acquisition strategies warrants further study across the porcupine's range.
Habitat selection by porcupines is primarily driven by seasonal foraging patterns, which reflect the need to maintain sodium-to-potassium ratios, balance toxin load, and acquire nitrogen and carbohydrates necessary for building fat stores (Roze 2009; Coltrane and Barboza 2010; Coltrane et al. 2011 ).
Porcupines generally cope with these demands by foraging on broad-leaved trees, fruits, and herbaceous plants during the spring and summer when new growth is abundant and nutritious and then switch to conifer bark and needles in the winter (Woods 1973; Roze and Ilse 2003; Roze 2009 ). In addition to foraging requirements, habitat selection by porcupines is influenced by seasonal behaviors related to predator avoidance, breeding, and thermoregulation-including the restriction or expansion of home ranges (Sweitzer and Berger 1992; Sweitzer 2003; Roze 2009 ) and the selection of den sites (Roze 1987; Griesemer et al. 1998) . As is evident in these seasonal patterns, the natural history of porcupines is strongly tied to their performance in 2 seasons, specifically, their ability to acquire enough resources during summer to build up adequate fat stores, and their ability to survive harsh winters while losing body mass and subsisting on a low-quality diet.
Compared to most of the porcupine's range, coastal northern California is characterized by a mild climate with dry summers and cool, wet winters ( Fig. 1) . This area appears to represent a range limit for the porcupine, with populations restricted and isolated (Appel et al. 2017) and possibly not present historically (Yocom 1971) . This poses an important question for our understanding of both habitat selection and porcupine ecology: why does a generalist species whose life history enables it to survive harsh winters have difficulty surviving and reproducing in a seemingly benign climate? The study of porcupine ecology with regard to seasonal resource acquisition has rarely been extended to temperate Pacific coastal forests, where porcupines are not exposed to extreme cold temperatures or snowfall during winter, and because of a long growing season, green vegetation is available nearly year-round. Broad-leaved trees and shrubs, such as willows, begin producing new growth as early as February, while some grasses and forbs generate new growth throughout winter. Although coastal forests contain both coniferous and broad-leaved trees, they lack the diversity of mixed hardwood forests where porcupines are able to maximize forage value by switching between emerging buds, leaves, and fruits (Roze 2009 ). During winter, many pine forests across the interior West are heavily damaged by porcupine feeding on conifer bark and needles (e.g., Hooven 1971; Borrecco and Black 1990; Witmer and Pipas 1998) . However, in mesic forests, grasses, forbs, evergreen shrubs, and aquatic vegetation may provide forage alternatives for porcupines (Hooven 1971; Dodge 1982; Smith 1982; Roze and Ilse 2003) . The combination of low tree diversity, productive understory vegetation, and relatively mild climate may lead to different patterns of porcupine resource acquisition in Pacific coastal areas than have been observed elsewhere.
We sought to describe porcupine ecology in a coastal dune forest ecosystem by studying seasonal changes in body mass, home range size, habitat selection, and diet. We generated 4 nonexclusive hypotheses related to porcupine behavior and response to climate: the "fixed feeding behavior" hypothesis suggests that porcupines have a fixed strategy as facultative specialists (sensu Coltrane 2012) that is effective in a wide range of ecological conditions; this hypothesis predicts that porcupines would follow the same strategy in coastal California as elsewhere (i.e., gaining body mass through summer by feeding on broad-leaved vegetation and losing mass in winter while feeding on conifer bark and needles). By contrast, the "flexible feeding behavior" hypothesis suggests that porcupines are able to alter their behavior to better suit their environment. The flexible behavior hypothesis predicts that porcupines in coastal California should maintain relatively constant body mass and home range sizes year-round by taking advantage of seasonally available vegetation and the lack of snowfall. In regard to climate and demographic response, the "mild winter" hypothesis suggests that porcupines should perform better in coastal California because of the warmer winters without snow and with abundant green grass, forbs, evergreen shrubs, and aquatic vegetation. This hypothesis predicts that 1) porcupines should lose less body mass over the winter; 2) winter home ranges of porcupines should be larger than in other study systems and comparable in size to their local summer home ranges; 3) diet in winter should include greater percentages of broad-leaved and herbaceous vegetation and less coniferous vegetation than in other areas; and 4) habitat selection in winter should reflect these diet choices for grasslands and mixed vegetation communities. Because of the drier conditions in summer and lower diversity of broad-leaved trees, we also developed the "poor-quality summer" hypothesis, which predicts that porcupines may perform poorly in coastal California while relying on the feeding strategy used elsewhere in their range. Specifically, 1) porcupines should gain less body mass or even lose body mass over the summer; 2) home ranges of porcupines should be smaller than in other study systems and larger during winter than summer; 3) porcupines should consume a lower diversity of broad-leaved vegetation in summer; and 4) habitat choices should reflect selection of broad-leaved vegetation in summer.
Materials and Methods
Study area and period.-We tracked porcupines in Tolowa Dunes State Park (TDSP), located on the Pacific coast near the mouth of the Smith River in Del Norte County, California (41°53′N, 124°12′W; Fig. 2 ). We restricted our captures to a 9.2-km 2 section of the park bordered to the south by a major road (speed limit = 50 mph) and to the east by private dairy farms. Vegetation communities in TDSP included sparsely vegetated nearshore dunes; forested backdunes; herbaceous, shrub, and wooded swales; meadows and pastures; and freshwater marshes and ponds (Supplementary Data SD1; Mad River Biologists [MRB] 2009). Open dunes and coastal scrub contained native species such as coyote brush (Baccharis pilularis), California wax myrtle (Morella californica), and dune mat forbs as well as non-native European beachgrass (Ammophila arenaria). The forested backdunes were dominated by shore pine (Pinus contorta ssp. contorta) and Sitka spruce (Picea sitchensis), forest types considered rare and declining in California (Vegetation Classification and Mapping Program 2010) . Several species of willow (Salix spp.) dominated the swales in addition to red alder (Alnus rubra), shrubs, forbs, sedges (Cyperaceae), rushes (Juncaceae), and grasses (Poaceae). Cattle grazing previously occurred within parts of TDSP, and former pastures contained high densities of reed canary grass (Phalaris arundinacea) and other non-native species. A few naturalized fruit trees remained from historical homesteads, including apple (Malus pumila), English walnut (Juglans regia), and cherry plum (Prunus cerasifera; see also Supplementary Data SD1).
We separated our study period into summer and winter seasons for comparison. The growing season in coastal Del Norte County is 1 March-15 November (NOAA 2016a), Sweitzer and Berger 1992, 1993; Sweitzer 2003); and Texas (TX-Ilse and Hellgren 2001) . Data from sites of other studies referenced in this manuscript have been omitted for simplicity; all were within the range of those shown (e.g., Craig and Keller 1986; Griesemer et al. 1998; Mally 2008 which matched our observations of leaf emergence and senescence for willows and alders. The climate is warm-summer Mediterranean or oceanic, with mean temperatures of 15.5°C in the warmest month and 8.5°C in the coldest month ( Fig. 1 ; Hijmans et al. 2005) . Annual rainfall averages 200-254 cm and peaks from November to March (NOAA 2016b). Because of this pattern and the occurrence of a very heavy rainfall event on 8-9 November 2015 (> 2.54 cm per 24 h-NOAA 2016b), we used seasonal cutoff dates of 1 November and 1 March (Fig. 1 (Sikes et al. 2016) .
We conducted systematic searches of the study area from dusk until approximately 4 h after dark to locate porcupines with flashlights and a thermal camera (FLIR Systems, Inc., Nashua, New Hampshire). We captured porcupines by coaxing them into 20-gallon plastic trash cans from the ground or low tree branches and weighed them using a hanging scale with 0.01-kg precision (UltraSport V2-30; Jennings Scale, Phoenix, Arizona). Porcupines were immobilized using an intramuscular injection of ketamine hydrochloride (HCl; 5 mg/kg) and dexmedetomidine HCl (0.025 mg/kg) or ketamine HCl (5 mg/kg) and xylazine HCl (2 mg/kg) in the muscles at the base of the tail (Morin and Berteaux 2003) . We determined sex by palpating the genital area to expose the penis and aged porcupines according to a 4-kg body mass threshold for adults (Dodge 1982) . We fitted adult male and female porcupines with 22-g very high-frequency (VHF) radiotransmitters (model RI-2D; Holohil Systems Ltd., Carp, Ontario). Some porcupines also received 20-g experimental Global Positioning System (GPS) trackers (i-gotU model GT-120; Mobile Action Technologies, New Taipei City, Taiwan). Additional details on capture and collar design are provided by Appel (2016) .
During October-November 2015, we attempted to re-capture all porcupines to obtain body mass measurements at the transition between summer and winter seasons, and again from December to February to monitor body mass loss through winter. Periodically thereafter, we re-captured porcupines to monitor collar sites for abrasions, test GPS tracker attachment mechanisms and settings, and exchange GPS trackers with fully charged units. We recorded body mass at each re-capture, and because sampling intervals were not even among porcupines, we averaged individual body mass within each season and used paired t-tests to compare between summer and winter.
VHF and GPS tracking.-We tracked porcupines using handheld VHF receivers (models R-1000, Communications Specialists, Orange, California; TRX-2000S, Wildlife Materials, Murphysboro, Illinois) and 3-element Yagi (Advanced Telemetry Systems, Isanti, Minnesota) or "H" antennas (model RA-14; Telonics, Mesa, Arizona). We used either the homing method or triangulation to locate porcupines and recorded coordinates of each location using handheld GPS units (eTrex Vista HCx or GPSMAP 64s; Garmin, Kansas City, Kansas). A visual observation of the porcupine was the goal of each tracking session but was not always possible. We recorded "patch-level" locations (estimated to be within 15 m) and triangulations only when physical barriers such as water, burrows, or dense vegetation prevented a visual observation. For triangulations, we used the software program LOAS 4.0 (Ecological Software Solutions 2010) to estimate true locations based on recorded azimuths. Throughout the study, we tracked porcupines during both day and night; however, due to logistical constraints, we recorded more observations between sunrise and sunset (75%) than after sunset (25%).
We used data collected from the experimental GPS trackers to augment the VHF telemetry data. We deployed GPS trackers on a subset of porcupines (n = 14) with fix intervals ranging from 10 s to 60 min. Based on preliminary stationary trials, the median positional error of these GPS units was less than 10 m in open habitats and under cover (both conifers and willows), a rate lower than comparable commercial GPS trackers (e.g., DeCesare et al. 2005; Moriarty and Epps 2015) , although error was not assessed separately for each device and each fix interval. To further reduce error, we used a data-cleaning algorithm to remove outliers due to positional error (Supplementary Data SD2). We subsampled 1 random GPS point per 24 h from the remaining points to augment the VHF locations. Home ranges.-We estimated home range sizes for porcupines based on VHF and GPS locations using 95% minimum convex polygons (MCPs) and kernel density estimates (KDE) at the 50%, 90%, and 95% isopleths with the adehabitatHR package (Calenge 2006) in Program R (R Development Core Team 2015). For KDEs, we calculated grid and extent parameters separately for each animal based on a desired cell size of 10 × 10 m, an area comparable to the error from VHF and GPS telemetry. We used a fixed bandwidth of 60 m to estimate utilization distributions (UDs), which was selected as biologically meaningful based on the average area of all vegetation polygons within TDSP.
We calculated MCPs and KDEs for porcupines based on summer and winter locations separately. We then used paired t-tests to compare changes in home range size (using 95% KDEs) between summer and winter for animals that had > 5 relocations in each season, as well as non-paired t-tests to assess differences between males and females. We also used linear regression to test whether total home range size was related to the maximum body mass measured for each porcupine during the study period (α = 0.05).
Vegetation classification.-We considered vegetation class to be the most biologically relevant factor in habitat selection by porcupines in TDSP and used this as the sole covariate in our analyses. To quantify available habitat, we digitized polygons of vegetation classes manually using DigitalGlobe satellite imagery (1:4,000) and ArcMap software (ESRI 2002) . We categorized vegetation into 9 classes we believed to have biological significance for porcupines, based on the structure and composition of dominant species ( Fig. 2 ; Supplementary Data SD1). These classes were modified from habitat descriptions used in a previous ecological assessment of TDSP (MRB 2009) .
Habitat selection.-We quantified habitat selection at the home-range level (2nd-order selection) and within-home-range level (3rd-order selection-Johnson 1980) for both summer (2015 and 2016) and winter (2015-2016) . We used weighted compositional analysis (WCA) to quantify habitat selection by porcupines in relation to vegetation classes (Millspaugh et al. 2006 ). This method is based on traditional compositional analysis with multivariate analysis of variance (MANOVAAebischer et al. 1993 ) but uses the UD height as the response variable instead of discrete location points (Marzluff et al. 2004; Millspaugh et al. 2006) .
We conducted WCA for each season by calculating separate UDs on the same grid using summer and winter locations for each animal (when available). The UD height at each grid cell represented the probability of use by the animal during each season. To avoid bias introduced by values in the tails of the distribution, we clipped UDs to their 95% contours (Millspaugh et al. 2006 ) and merged the overall, summer, and winter contours for each animal, hereafter referred to as their total home ranges. We used the spatial overlay function over in package sp for Program R (Pebesma and Bivand 2005) to assign a vegetation category to each grid cell and calculated the proportional use of each vegetation class within each animal's home range (Millspaugh et al. 2006 ).
To quantify available habitat for 2nd-order analysis, we calculated the proportional availability of each vegetation class within the study area (Fig. 2) , according to design 2 as defined by Thomas and Taylor (2006) . For 3rd-order analysis, we calculated habitat availability separately for each animal as the proportion of its total home range belonging to each vegetation class (design 3- Thomas and Taylor 2006) . When habitat types were available to but not used by an animal, we replaced zerouse values with a number 1 order of magnitude smaller than the lowest UD height (Aebischer et al. 1993) and assessed sensitivity by testing a range of replacement values. When habitat types were not available within an individual's home range, we replaced these missing values with the mean selection ratio for that vegetation class (see appendix 2 in Aebischer et al. 1993) .
We first tested for nonrandom use of habitats (Wilks' test, α = 0.05- Millspaugh et al. 2006) . When overall selection was significant, we calculated log ratios for individual porcupines and ranked vegetation classes in order of selection using pairwise one-sample t-tests to assess differences in the means (α = 0.05) (Aebischer et al. 1993; Erickson et al. 2001) . We computed the geometric means of selection ratios (Pendleton et al. 1998; Manly et al. 2002) and estimated 95% confidence intervals (CIs) to assess whether vegetation classes were used differently from their availability (i.e., selected or avoided), with CI not overlapping 1.
Diet analysis.-We characterized the diets of individually marked porcupines during summer 2015 and winter 2015-2016 by collecting fecal samples in situ and analyzing them using a microhistological method. Microhistological analysis of fecal materials is considered to provide more accurate and comprehensive data on diet composition than observations of foraging, which are highly dependent on field conditions (Sparks and Malechek 1968) , and has been used to study diet composition of porcupines in Colorado (Johnson and Carey 1979) .
We created reference slides from local vegetation to compare with plant fragments in porcupine fecal samples . We collected fruit, leaf, and cambium tissue from 63 common plants in TDSP and mounted epidermal tissue samples in water (Johnson et al. 1983; Carrière 2002) . All slides were photographed using a Leica DM750 microscope (Leica Microsystems, Wetzlar, Germany) with Amira software (FEI 2015) at 40× objective or higher. Using available reference guides for plant cellular morphology (Johnson et al. 1983; Carrière 2002 ), we created a photographic key of the common species present in TDSP. Although we collected cambium tissues for reference, this process did not reveal enough diagnostic features for species-level identification.
We collected fecal samples from radiocollared porcupines to compare diet composition within our sample population. Upon obtaining a visual relocation of each porcupine, we searched directly below and surrounding the animal for fresh scat (approximately ≤ 24 h old). We collected samples ≥48 h apart to allow time for porcupines to consume different foods between depositions, and we continued collection until 3 samples per season were obtained for each porcupine. Samples were stored in a freezer within 24 h, then freezedried, ground, bleached, and rinsed with water prior to mounting McIntire and Carey 1989) . Samples were either dehydrated and mounted on slides using Permount mounting media (Fisher Scientific, Hampton, New Hampshire) or mounted directly after rinsing and temporarily sealed. Permanently mounted slides were then scanned using a NanoZoomer Digital Pathology slide scanner (Hamamatsu, Bridgewater, New Jersey) at a 20× objective. For each slide, we collected 20 grid-based 700 × 985 µm fields and identified the fragments present to species level. Material was considered "unknown" if its origin was not clearly epidermal or vascular.
To account for unequal digestibility among plants consumed by porcupines Putman 1984; Litvaitis 2000) , we derived correction factors from digestibility values reported by previous studies using feeding trials of porcupines (Felicetti et al. 2000; Coltrane and Barboza 2010) or other rodents (Neotoma lepida- Atsatt and Ingram 1983; Castor canadensis-Doucet and Fryxell 1993; and Ondatra zibethicus-Campbell and MacArthur 1994) . For plants with no data available, we substituted digestibility values of similar species. For each porcupine, and for the pooled diet of all porcupines, we calculated the proportion of identified fecal fragments belonging to each plant species (Holechek 1982) . Dietary intake was estimated by multiplying the proportional abundance of each plant species by its respective correction factor, 1/(1 − digestibility) (Putman 1984; Hewitt and Robbins 1996; Litvaitis 2000) . To measure similarities in the composition of porcupine diets, we used Morisita's index of similarity, with values of 1 representing complete overlap and 0 representing completely different diets (Horn 1966) . We calculated pairwise Morisita's indices between porcupines and between each porcupine and the combined composition of all other porcupine diets. We estimated 95% CI of Morisita values using bootstrap resampling. Finally, we calculated Shannon diversity indices (H) of summer and winter porcupine diets using the species composition of estimated dietary intake for each porcupine.
results
Animal captures and tracking.-We captured and radiocollared 20 porcupines in TDSP: 14 during summer 2015 (9 females and 5 males), 4 during winter 2015-2016 (2 females and 2 males), and 2 during summer 2016 (both males). During summer 2015, 1 male left the study area and 1 female died, and in winter 2015-2016, 2 porcupines lost their collars (1 female and 1 male) and 4 died (2 females and 2 males). One female porcupine lost her collar within 1 week of capture and her locations are, therefore, not included in our analyses. Using VHF tracking, in summer 2015, we located 14 porcupines 17-45 times each (X = 30, SE = 2), and in winter 2015-2016, we located 15 porcupines 2-16 times each (X = 8, SE = 1). In summer 2016, we located 7 porcupines 2-8 times each (X = 5, SE = 2; see also Supplementary Data SD3). Among all VHF locations, 79% were visual observations, 11% were "patchlevel," and 10% were recorded by triangulation.
We deployed GPS trackers on 14 porcupines and collected between 9 and > 10,000 location points per animal (X = 1,517, SE = 755) over 1-4 deployments each. After removing outliers and subsampling 1 point per 24 h, we added 1-38 points per animal to augment the VHF telemetry data for these porcupines (X = 11, SE = 3; Supplementary Data SD3).
Body mass and mortality.-For porcupines captured during summer 2015, initial body mass was not different between females (X = 7.92 kg, SE = 0.44) and males (X = 8.96 kg, SE = 0.59; t 12 = −1.44, P = 0.176). Both porcupines captured during summer 2016 were small males (5.90 and 5.98 kg). In winter 2015-2016, body mass at capture was also not different between females (X = 6.28 kg, SE = 1.93) and males (X = 6.90 kg, SE = 0.27; t 2 = −0.32, P = 0.778). On average, porcupines weighed 0.66 kg more in summer than winter (t 11 = 4.38, P = 0.001). The mean difference was larger for males (0.82 kg; t 5 = 3.34, P = 0.021) than for females (0.49 kg; t 5 = 2.95, P = 0.032). All males that were weighed during multiple seasons attained their highest body mass during the summer capture period (May-July) rather than either the fall (OctoberNovember) or winter (December-February) re-capture periods (n = 5; Fig. 3 ). Most females also attained their highest body mass in summer (n = 7), but some attained their highest body mass in fall (n = 2; Fig. 3 ; see also Supplementary Data SD3). We recorded 5 porcupine mortalities: 4 during December and January and 1 in late summer. Analysis of the cementum annuli in the latter porcupine's teeth revealed its age to be between 10 and 12 years. Its below-average body mass (5.98 kg) was also consistent with advanced age (Woods 1973; Earle and Kramm 1980) . Necropsy results from 1 carcass recovered in winter suggested both pneumonia and starvation as contributing factors, with very little body fat present. Similarly, necropsy of an unmarked porcupine carcass found in January revealed the absence of nearly all body fat. Among the other mortalities, starvation or disease seemed the most likely cause of death for 2 porcupines, but we were unable to rule out predation or other causes for the third one.
Home ranges.-We estimated home range sizes for 18 porcupines during summer and 11 porcupines during winter (Table 1) . We omitted data from 4 porcupines due to insufficient sample sizes (all in winter) as well as from 1 male that permanently left the study area in July 2015. The mean number of locations used to estimate home ranges was 30 (SE = 3) for summer and 19 (SE = 5) for winter. Home range size did not differ between females and males during summer (t 16 = 1.122, P = 0.279) or winter (t 9 = 0.252, P = 0.807). Home ranges were 31% larger during summer than winter (t 10 = 3.941, P = 0.003). Home ranges of females were 37% larger during summer than winter (t 5 = 3.69, P = 0.015), but home ranges of males were statistically equivalent between the seasons (t 4 = 1.109, P = 0.330). Finally, we found a strong correlation between the heaviest body mass attained by male porcupines and their overall home range sizes (r 2 = 0.94, F 1,6 = 92.57, P < 0.001) but no correlation between body mass and home range sizes for females (r 2 = 0.12, F 1,8 = 1.10, P = 0.33; Supplementary Data SD4). Habitat selection.-We ran WCA on 19 animals and 9 habitat types for summer and 11 animals and 9 habitat types for winter. At the 2nd order of selection, representing the homerange level, porcupines used vegetation classes significantly differently from their availability in the study area during both summer (Wilks' λ = 1.60 × 10 -32 , P < 0.001) and winter (Wilks' λ = 0, P < 0.001). During summer, porcupines selected meadow and swale and avoided coastal scrub, fruit, dune, pasture, and beach ( Fig. 4; Supplementary Data SD5) . During winter, porcupines did not select any vegetation classes; although the geometric mean of selection ratios (w i ) for coastal scrub was > 1, this was not significant. However, porcupines avoided dune, marsh, fruit, beach, and pasture in winter ( Fig. 4 ; Supplementary Data SD5).
Porcupines also used vegetation classes differently from availability at the 3rd order of selection, i.e., within their home ranges, during both summer (Wilks' λ = 0.34, P < 0.001) and winter (Wilks' λ = 0.48, P < 0.001). During summer, porcupines selected swales and marsh and avoided coastal scrub, conifer forest, pasture, dune, and beach ( Fig. 4 ; Supplementary Data SD5). During winter, no vegetation classes were selected, but porcupines avoided marsh and pasture. As with the 2nd-order analysis, although coastal scrub had a mean w i > 1, this was not significant (Fig. 4; Supplementary Data SD5) .
Diet.-We analyzed 39 fecal samples from 13 porcupines (3 each) in summer 2015 and 29 samples from 11 porcupines (1-3 each) in winter 2015-2016. We identified fragments from 21 plant species in porcupine feces from summer and 11 species from winter (Table 2 ). An additional 40% and 16% of samples from summer and winter, respectively, could not be identified and were classified as "unknown." Diets of porcupines in summer were dominated by coastal willow leaves (Salix hookeriana), which made up approximately 37% of estimated dietary intake after correcting for digestibility, and coast manroot fruits (Marah oregana), at approximately 24% ( Table 2 ). The next most abundant items included apples (10%) and leaves from Pacific willow (S. lasiandra; 6%) and water pepper (Persicaria hydropiperoides; 6%) ( Table 2 ). During winter, estimated diets of porcupines contained approximately 38% wax myrtle leaves, followed by shore pine needles (29%) and bark (22%), which could not be identified to species level (Table 2) .
When diets of individual porcupines were compared to each other and to the pooled total, most were moderately similar according to Morisita's index of similarity ( Fig. 5 ; see also Supplementary Data SD6). During summer, 3 females had low (< 0.5) dietary overlap with the other porcupines (Fig. 5) . During winter, 1 male had low dietary overlap with the other porcupines (Fig. 5) . On average, summer diets were more diverse than winter diets according to Shannon diversity indices (summer H = 1.17, SE = 0.11 and winter H = 0.64, SE = 0.11; Supplementary Data SD7).
discussion
Porcupines exhibited seasonal differences in body mass, home range size, habitat selection, and diet in northern coastal California. Our results provide support for the "fixed feeding behavior" hypothesis, suggesting that porcupines employ a similar strategy for resource acquisition across their range. We also found some support for both the "poor-quality summer" and "mild winter" hypotheses. As predicted by the "poor-quality summer" hypothesis, porcupines did not gain as much body mass as they did elsewhere during summer, while feeding on a relatively narrow diet of willow leaves and fruits and selecting broad-leaved vegetation communities. Contrary to the "poorquality summer" hypothesis, home ranges of females were larger in summer than in winter. In support of the "mild winter" hypothesis, porcupines did not lose as much body mass during winter, and for males, home range size in winter was comparable to that in summer. However, porcupines relied on a lower diversity of herbaceous vegetation in winter, as expected; they had similar winter diets in TDSP as in other studies, feeding primarily on conifer bark and needles, but also took advantage of available evergreen shrub foliage. A facultative specialist feeding strategy enables North American porcupines to be successful in a wide range of climates, but in coastal areas, their populations may be limited by forage availability and precipitation, specifically, a low diversity of broad-leaved and mast-producing trees and high winter rainfall. These patterns demonstrate a compression of the amplitude of seasonal effects on porcupine life history compared to most areas where they have been studied throughout North America.
Our data on body mass and mortality support a winter bottleneck for porcupine survival in mild coastal climates similar to that faced by populations in colder climates (Coltrane and Barboza 2010; Pokallus and Pauli 2015) . In our study, the differences between minimum winter and maximum summer body mass for females (X = 8.32%, SE = 2.19) and males (X = 17.22%, SE = 5.52) were the lowest of any reported but still consistent with a seasonal decrease in nutrition. Several authors have reported body mass losses in winter for porcupines of 34% in Alaska (Coltrane et al. 2011) , 20-31% in the Great Basin Desert (Sweitzer and Berger 1993) , 25% in New York (Roze 1984) , and 17% in Wisconsin (Pokallus and Pauli 2016) . Similarly, in Quebec, porcupines gained 40% of their body mass back through summer at a daily rate of 21 g . Our results on changes in mass appear to be consistent with the "mild winter" hypothesis, but the corresponding predictions regarding diet and home range patterns were generally not borne out by our data. The less extreme loss of mass in winter in TDSP may be related to porcupines' inability to gain as much mass from spring through fall rather than to potential benefits of mild and productive winters. In other words, the benefits of milder winter conditions were negatively compensated for by drier, less productive summers.
We suspect that a general lack of broad-leaved tree diversity, in addition to a lack of high-caloric food sources such as hard mass, contributed to the diminished mass gain in summer and early mass decline exhibited by porcupines in TDSP. In spring and summer, North American porcupines generally maximize nutrient intake to replenish fat stores by switching between new growth of various plant species and reach maximum body mass in the fall (Roze 2009; Coltrane et al. 2011 ). In our study, 11 of 13 porcupines captured in both summer and fall had higher body mass in summer. Because willows constitute the majority of broad-leaved vegetation in TDSP, fewer options for nutritious new growth are available to porcupines as summer progresses, and senescing willow leaves provide lower concentrations of critical nutrients such as nitrogen (Rytter and Ericsson 1993; Bollmark et al. 1999 ). Porcupines also consumed small amounts of aquatic vegetation, which would provide nitrogen as well as sodium, a critical nutrient for herbivores, although it is likely less limiting to porcupines in coastal environments like TDSP than in inland areas (Botkin et al. 1973) . Seasonal changes in the nutritional quality of available forage in TDSP remain to be studied, but our data suggest an earlier decline in body condition of porcupines, possibly compensated for by milder winter conditions and available evergreen foliage that allow porcupines to survive winter on smaller fat stores.
As less new growth is available in late summer and fall, in mixed deciduous forests, porcupines rely on foods such as acorns, beechnuts, hickory nuts, and fruits (Griesemer et al. 1998; Roze 2009 ). As expected, porcupines in TDSP consumed a Substituted from Salix lasiandra: dry matter digestibility (DMD) = 0.62 in Erethizon dorsatum (Felicetti et al. 2000) . b Substituted from Medicago sativa: DMD = 0.78 in Erethizon dorsatum (Felicetti et al. 2000) . c Substituted from Rubus idaeus: DMD = 0.74 in Castor canadensis (Doucet and Fryxell 1993) . d Substituted from Alnus rugosa: DMD = 0.72 in Castor canadensis (Doucet and Fryxell 1993) . e No digestibility found in the literature; we substituted 1.6 as the lowest CF of any plant item used (Nymphaea odorata i ). f Substituted from Picea glauca: DMD = 0.63 in Erethizon dorsatum (Coltrane and Barboza 2010) . g Substituted from Pinus contorta: DMD = 0.45 in Erethizon dorsatum (Felicetti et al. 2000) . h Substituted from Salvia apiana: DMD = 0.74 in Neotoma lepida (Atsatt and Ingram 1973) . i Substituted from Nymphaea odorata: DMD = 0.39 in Castor canadensis (Doucet and Fryxell 1993) . j Substituted from Carex atherodes: DMD = 0.64 in Ondatra zibethicus (Campbell and MacArthur 1994) . k All bark substituted from Pinus ponderosa: DMD = 0.56 in Erethizon dorsatum (Felicetti et al. 2000) . l All fruits substituted from Malus pumila: DMD = 0.96 in Erethizon dorsatum (Felicetti et al. 2000) . apples during both summers, when we observed foraging clusters similar to those described by Roze (2009) ; in one instance, 5-6 porcupines were simultaneously in the same tree. Unexpectedly, fruits of coast manroot represented 24% of porcupine dietary intake in summer after correcting for digestibility. We are not aware of other herbivores consuming manroot fruits, although some granivorous rodents cache seeds of other Marah species (Borchert 2006) . Porcupines in TDSP may be exploiting a novel food source to compensate for the relatively low availability of other mast; for example, apples were only available for a short time at a single known source. We note that 24% is likely an overestimate of true manroot fruit intake, because the only suitable digestibility value was from apples (0.96 -Felicetti et al. 2000) , and manroot fruits have a spiny rind which may be more difficult to digest. Feeding trials of captive porcupines would provide more accurate estimates of digestibility than values substituted from the literature. Digestibility is highly dependent on the phenology of plant items, consumer digestive physiology, and overall diet composition (Putman 1984; Felicetti et al. 2000; Roze 2009 ). However, we believe that it is necessary to incorporate some measure of digestibility rather than to assume an exact correlation between raw number of fragments identified and true dietary intake.
We are unaware of any other studies that report individual diet diversity of porcupines; for direct comparison to available diet studies elsewhere, we had to pool our data into population-level estimates (summer H = 1.98, winter H = 1.49). These estimates suggest that diets of porcupines in TDSP were more diverse than those in Colorado (summer H = 1.90, winter H = 0. 23-0.62-Johnson and Carey 1979) and New York (summer H = 1.44-Roze 2009 ). However, the reported estimates from Colorado did not use correction factors (Johnson and Carey 1979) , and those from New York were based on observations rather than microhistology and did not include important spring or fall forage sources (Roze 2009 ). These inconsistencies make it difficult to directly compare diet diversity; for example, without correction factors, our diversity estimates were much lower (summer H = 1.66, winter H = 1.11) and non-pooled averages were lower still (summer H = 1.08, winter H = 0.61). More research is needed to better understand dietary breadth and specialization across the porcupine's range (Coltrane 2012 ), and we encourage future studies to use a common methodology and report individual diversity indices for comparison.
Seasonal nutritional decline likely also contributed to the high rate of mortality that we observed during winter, compounded by physiological constraints imposed by local climate. While porcupines rely on dens in many areas (Roze 1987; Zimmerling and Croft 2001) , we tracked porcupines to burrows, root cavities, logs, and other structures only 9 times out of 95 visual observations in winter. In contrast, we regularly observed porcupines grazing in meadows during winter, often during the day and in rainy weather. This suggests a tradeoff between foraging demands and a need for shelter that may prove costly given the climate and forage availability in coastal habitats. Klvana et al. (2004) found evidence of a link between winter precipitation and porcupine population dynamics in Quebec, where winter precipitation primarily falls as snow. However, because porcupines are particularly susceptible to pneumonia in damp climates (Hooven 1971) , cold, rainy conditions during the winter may pose even greater challenges than snowfall. The genus Erethizon evolved in a wet tropical climate (Vilela et al. 2009) and although E. dorsatum has adapted physiological tolerance to extreme cold (DeMatteo and Harlow 1997; Fournier and Thomas 1999; Coltrane and Barboza 2010) , the combination of high precipitation and cool winter temperatures in TDSP could still be at the limit of their physiological tolerance. We did not measure direct demographic response, but our results also suggest a connection between winter precipitation and porcupine population dynamics in mesic coastal forests. Because the winter of 2015-2016 was wetter than normal (NOAA 2016b), we may have observed a higher-than-average level of mortality, but similarly cyclic patterns exist in northern populations where winter is a critical bottleneck for porcupine survival (Klvana et al. 2004) . Given the risks of exposure, our limited observations of den use could indicate a low availability of den structures on the landscape and suggest that porcupines are also using other habitat features for shelter, such as dense vegetation.
Sizes of home ranges of porcupines in TDSP were consistent with others reported in the literature, although estimates vary greatly (Table 3) . Several studies have found that male porcupines have larger home ranges than females (Dodge and Barnes 1975; Craig and Keller 1986; Sweitzer 2003; Roze 2009 ), especially during the mating season, whereas other studies, including ours, have not found a difference between home range sizes of males and females in any season (Morin et al. 2005; Coltrane and Sinnott 2013) . The positive correlation between body mass of males and home range size in TDSP is concordant with results from the Great Basin Desert during the breeding season (Sweitzer 2003) but not with home range sizes in winter in Alaska, where no such correlation was found (Coltrane and Sinnott 2013) . These results support a connection between home range size of males and increased access to mates (Roze and Ilse 2003; Sweitzer 2003) or possibly to lower predation risk (Sweitzer and Berger 1992) rather than to increased metabolic demands requiring greater movements to acquire resources.
Seasonal differences in sizes of home ranges of porcupines have been attributed to high use of dens in winter or the persistence of deep snow (Roze 1987 (Roze , 2009 ). We did not find either of these conditions in TDSP, but porcupines maintained home ranges that were 31% larger during summer than winter. We recognize that, for some porcupines, sample sizes of locations were low compared to recommended thresholds for common methods used to estimate home ranges and our results may therefore be biased low, especially in winter and for MCP estimates (Girard et al. 2002) . Although we report MCP estimates for comparison with previous studies, we used 95% KDEs for analysis as recommended by Coltrane and Sinnott (2013) , who found this to be the best method for estimating home ranges of porcupines based on comparable sample sizes. Assuming that the seasonal decrease in home range size was not an artifact of sample size, we suspect that it was related to habitat quality, foraging shifts, and decreased energy output in winter. Additionally, although not all porcupines occupied den structures, they may have restricted their movements around dense vegetation that provided thermal refuge and protection from rain, such as that found in coastal scrub and conifer forests. Spatially, most winter home ranges of porcupines were partially or fully contained within their summer home ranges, suggesting that porcupines selected home range areas based on their needs for both seasons. It is unclear why porcupines spent time in dunes and coastal scrub in summer, places that generally lacked preferred foods like willows. These areas may have contained unique food or mineral items not captured by our analysis. Alternatively, porcupines may have been scouting for winter foraging or denning areas, similar to "prospecting" behavior of songbirds (e.g., Reed et al. 1999) . In one case, we located a female in patches where she later occupied dens during winter. Because we observed only females using dens, it is possible that they engage in scouting behavior more frequently, which may explain why females maintained larger home ranges during summer than winter while males did not. Males are reported to increase home ranges in late summer and fall while seeking mates (Roze 2009 ), so it is not clear why we did not detect a difference; either the mating season may be too brief for these movements to affect our seasonal home range estimates or porcupine reproductive timing is different Overall, porcupines generally appeared to select habitats seasonally in accordance with food choices. At the 3rd order, the top-ranked habitat types during summer were dominated by willows, the most abundant food present in their summer diet. Likewise, the top-ranked habitat types during winter, coastal scrub, dune, and conifer forest, matched the dominant food items, shore pine and wax myrtle. Habitat selection for changing dietary items is most apparent at the 3rd order, but at the 2nd order, food availability alone does not explain the observed patterns in habitat selection. It is possible that additional factors influence porcupine habitat use at the home-range level; however, we believe that most 2nd-order patterns may be more reflective of the patchy landscape structure in TDSP. Comparisons between porcupine diets revealed a moderate amount of dissimilarity that may also explain some variability in habitat selection.
Despite individual variation, porcupines in this study exhibited a similar resource acquisition strategy to that reported elsewhere: feeding on leaves and fruits when available, switching to bark and needles otherwise, and relying on built-up fat stores to survive harsh winters. As facultative feeding specialists, North American porcupines have a flexible strategy allowing them to persist in a variety of habitats and climates across the continent. However, their dependence on the seasonal availability of food sources may limit porcupines in areas with low diversity of broad-leaved trees and high winter rainfall. In particular, we suspect that a pattern of drought summers followed by atypically wet winters (such as those experienced in California during 2015-2016) is challenging for porcupines in coastal environments, when a lack of rain during summer and early fall results in less emergent forage, and extreme rainfall in winter pushes the boundary of their physiological tolerance. These patterns are important to consider as climate models project increases in temperature and more extreme differences between summer and winter for much of western North America (Doney et al. 2014; Allen and Luptowitz 2017) . Further research on demographic parameters of porcupines in TDSP is needed to understand possible life-history consequences or phenological mismatch related to coastal climates, including effects on survival of juveniles as well as adults. Our study examines the resource-use strategies of a generalist herbivore in an understudied part of its range and provides evidence to suggest a common but flexible survival strategy regardless of local variation in climate and resource availability. Barrett donated a vast library of hard-to-find porcupine manuscripts for our review. Finally, we wish to acknowledge that this work was conducted on land that is the territory of the Tolowa Dee-ni' peoples.
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Supplementary Data SD1.- Table of California, during 2015 California, during -2016 . Diversity values were calculated using the Shannon diversity index for summer (black; H = 1.17, SE = 0.11) and winter (gray; H = 0.64, SE = 0.11). Porcupines without diversity values did not have scat samples available to quantify diet diversity for that season, with the exception of porcupines 15.09 and 15.10, whose winter diets contained a large proportion of unidentifiable bark tissue that was omitted from this analysis.
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